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57 ABSTRACT 

A vascular clamp for occluding a blood vessel or duct during 
surgery, comprising a clamping element adapted to be 
substantially entirely positioned within a body cavity during 
the surgery and to avoid either mechanical or visual inter 
ference with the surgeon's operating field. The clamp com 
prises a pair of clampingjaws movable between a first, open 
position and a second, closed position, and means integral 
with and securing the clamping jaws to one another for 
movement from their open to their closed position, the 
securing means together with the clamping jaws defining a 
substantially closed internal chamber having substantially 
continuous internal walls when the clamping jaws are in 
their closed position. A balloon is mounted to the internal 
walls of each clamping jaw and pre-filled with a fluid under 
a predetermined pressure such that the balloons may com 
pletely surround and occlude the blood vessel or duct when 
the clamping jaws are in their closed position. Further, 
locking means are provided on the clamping jaws for 
releasably holding the clamping jaws in their closed posi 
tion. 

11 Claims, 5 Drawing Sheets 

  



U.S. Patent Dec. 16, 1997 Sheet 1 of 5 5,697.942 

FG. A 
  



U.S. Patent Dec. 16, 1997 Sheet 2 of 5 5,697.942 

  



U.S. Patent Dec. 16, 1997 Sheet 3 of 5 5,697.942 

FG. 3A FG. 4A 
-10a 

  



U.S. Patent Dec. 16, 1997 Sheet 4 of 5 5,697.942 

FIG. 7 

FIG. 8 
  



U.S. Patent Dec. 16, 1997 Sheet 5 of 5 5,697.942 

FIG. 9 

22b --Oe 

4. 

23b 2 

  



5,697.942 
1. 

NTERNAL WASCULAR CLAMP 

This application is a continuation-in-part of U.S. patent 
application Ser. No. 08/509,203, filed Jul. 31, 1995 U.S. Pat. 
No. 5,624.454. 

The invention relates to a vascular clamp, particularly to 
a vascular clamp designed to be substantially entirely posi 
tioned within a body cavity during surgery and to completely 
occlude a blood vessel or duct without causing injury thereto 
during surgery, and without interfering with the operating 
field. 

BACKGROUND OF THE INVENTTON 

Vascular clamps play a vital and obvious role during 
surgery, their task being to completely occlude a blood 
vessel. Conventional clamps, such as the Fogarty Clamp, the 
De Bakey "Atravgrip", the Bulldog Clamp, and Pott's and 
Satinsky's Peripheral Vascular Clamps, generate loci of 
extremely high pressure far in excess of the pressure in the 
blood vessel itself. These high pressures are apt to cause 
permanent injury to the blood vessel. 
The clamp described in the above-identified parent 

application, U.S. patent application Ser. No. 08/509,203, 
blocks blood flow while avoiding loci of excessive pressure 
by surrounding the blood vessel with a uniform external 
pressure field generated by a pair of semicircular, fluid-filled 
balloons. However, the external arms of such clamp can 
interfere with the surgeon's view, or with the access of other 
instruments to a limited operating field, which may be 
delimited by a relatively small incision. 

It is an object of the present invention to provide an 
internally positionable, removable vascular clamp that does 
not injure the blood vessel or duct to be occluded, and that 
may be substantially entirely positioned within the body 
cavity in which surgery is carried out without mechanically 
or visually interfering with the operating field. 

Other objects and advantages of the invention will be 
apparent from the following description of preferred 
embodiments thereof. 

SUMMARY OF THE INVENTION 

In accordance with the present invention a vascular clamp 
for occluding a blood vessel or anatomical duct is provided, 
which comprises a clamping element adapted to be substan 
tially entirely positioned within a body cavity in which 
surgery is to be performed. The clamping element includes 
a pair of clamping jaws movable between a first, open 
position and a second, closed position, and means integral 
with and securing the clamping jaws to one another for 
movement from their open to their closed position, the 
securing means together with the clamping jaws defining a 
substantially closed internal chamber having substantially 
continuous internal walls when the clamping jaws are in 
their closed position. A balloon is mounted to the internal 
walls of each clamping jaw and pre-filled with a fluid under 
a predetermined pressure such that the balloons may com 
pletely surround and occlude the blood vessel or duct when 
the clamping jaws are in their closed position. The elasticity 
of the balloons is correlated with the compressibility of the 
fluid charged thereto so that the pressure exerted by the 
balloons on the blood vessel or duct is not so large as to 
permanently damage the same. Finally, locking means are 
provided on the clamping jaws for releasably holding the 
clamping jaws in the closed position. 
The vascular clamp thus provided exhibits the several 

advantages of the padded vascular clamp described in the 
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2 
aforesaid copending application, viz., it is able to occlude a 
blood vessel or anatomical duct in a patient without dam 
aging the blood vessel or duct by exerting a predetermined 
and adjustable uniform circumferential pressure field 
thereon. Moreover, by providing the securing means integral 
with the clamping jaws and mounting the locking means on 
the clamping jaws, a self-contained, discrete and compact 
clamp is achieved which may be substantially entirely 
positioned within a body cavity about the blood vessel or 
duct during surgery. The vascular clamp of the invention 
thus does not incorporate forceps-like arms formanipulating 
and securing the clamp to the blood vessel or duct, which 
arms may extend into the operating field and both mechani 
cally and visually interfere with the surgeon's manipula 
tions. 

In accordance with an additional feature of the invention, 
handle means are provided integral with the outside walls of 
the clamping jaws, facilitating both application of the vas 
cular clamp to the blood vessel or duct, and release and 
removal of the clamp from the blood vessel or duct and from 
the operating field. Such handle means facilitates insertion 
and removal of the clamp either manually by the surgeon or 
with the temporary use of a forceps which may thereafter be 
removed to facilitate subsequent unrestricted access to the 
operating field. 

Further, means are provided for opening the clamping 
jaws by releasing the locking means, permitting facile 
removal of the clamp from the blood vessel or duct. The 
opening means may, for example, be a filament attached at 
one end to at least one of the clamping jaws adjacent to the 
locking means and at its opposite end to tab means outside 
of the clamping element, manipulation of the tab disengag 
ing the locking means to open the clampingjaws and permit 
facile removal of the clamp from the blood vessel or duct. 
The invention will be further understood with reference to 

the following description of various preferred embodiments 
thereof, taken in conjunction with the annexed drawings, in 
which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic, cross sectional view of one 
embodiment of the vascular clamp of the invention incor 
porating a hinge element securing the clamping jaws to one 
another and a handle means integral with the clamping 
element on the outside walls thereof, with the clampingjaws 
shown in their open position around a blood vessel to be 
occluded therewith; 

F.G. 1B is a schematic, cross-sectional view of the 
embodiment of FIG. 1A, with the clamping jaws shown in 
their closed position, occluding the blood vessel; 

FIG. 2A is a schematic, cross sectional view illustrating 
the manner of applying the clamp of FIG. 1A around a blood 
vessel or duct with a forceps, during surgery; 

FIG. 2B is a schematic, cross sectional view illustrating 
the manner of releasing the clamp of FIG. 1B from around 
a blood vessel or duct with a forceps after surgery; 

FIG. 3A is a schematic, cross sectional view of a further 
embodiment of the vascular clamp, with a different form of 
handle means and incorporating a flexible element securing 
the clamping jaws to one another, with the clamping jaws 
shown in their open position around a blood vessel to be 
occluded therewith; 

FIG. 3B is a schematic, cross sectional view of the 
embodiment of FIG. 3A, with the clamping jaws shown in 
their closed position, occluding the blood vessel; 
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FIG. 4A is a schematic, cross sectional view of yet a 
further embodiment of the vascular clamp, incorporating a 
hinge securing the clamping jaws to one another, a form of 
locking element distinct from that in the embodiment of 
FIG. 1 and without an independent handle means integral 
with the clamping element, with the clampingjaws shown in 
their open position around a blood vessel to be occluded 
therewith; 

FIG. 4B is a schematic, cross sectional view of the 
embodiment of FIG. 4A, with the clamping jaws shown in 
their closed position, occluding the blood vessel; 

FIG. 5 is a schematic, cross sectional view of another 
embodiment, similar to that shown in FIGS. 4A and 4B but 
incorporating a handle means similar to that incorporated in 
the embodiment of FIGS. 3A and 3B; 

FIG. 6 is a schematic, side elevation of another 
embodiment, similar to that shown in FIG. 5 but incorpo 
rating an external support for the blood vessel or duct to 
facilitate the insertion of a catheter; 

FIG. 7 is a schematic, top plan view of the embodiment 
of FIG. 6; 

FIG. 8 is a schematic, cross section view of the embodi 
ment of FIGS. 6 and 7, viewed in the direction of line A-A 
in FIG. 7; 

FIG. 9 is a schematic, cross sectional view of another 
embodiment, similar to that shown in FIG. 5 but incorpo 
rating a different form of handle means; and 

FIG. 10 is a schematic, side elevation of the embodiment 
of FG. 9. 

DESCRIPTION OF THE PREFERRED 
EMBODMENTS 

Referring initially to FIGS. 1A, 1B, 2A and 2B, a first 
embodiment of the vascular clamp of the invention, gener 
ally indicated at 10, includes a pair of clamping jaws 11 and 
12 having substantially semi-cylindrical shapes. A fluid 
filled balloon 13 is mounted to the internal walls of each 
clamping jaw. The jaws 11 and 12 may be made of stainless 
steel, a biocompatible plastic or some other inert material, 
and the balloons may be made of rubber or other elastomeric 
material, tightly mounted to the internal walls of the clamp 
ingjaws and filled with air, water or other inert fluid to any 
predetermined pressure, all as more fully described in the 
aforesaid copending application the disclosure of which is 
incorporated by this reference herein. 
The clamping jaws are connected to one another by a 

hinge 14 including a spring 15 normally biasing the clamp 
ing jaws into a first, open position as shown in FIG. 1A. A 
locking means comprising a notch 16 and a detent 17 is 
formed in the adjacent outer walls of clamping jaws 11 and 
12, respectively, to facilitate locking the clamping jaws into 
the second, closed position shown in FIG. 1B. Afilament 18, 
e.g., a nylon or Teflon thread or stainless steel wire, is 
secured at one end 19 to the inside wall of clampingjaw 11, 
threaded through an aperture in the clamp 10 (not shown) 
and secured at its opposite end 20 to a release tab 21. The 
release tab may extend outwardly of the body during surgery 
to locate the clamp 10, and is used to release the clamping 
jaws 11 and 12 after the surgery, as described below. Handle 
means comprising knobs 22 and 23 formed on opposite sides 
of hinge 14 on the external surfaces of the clamping jaws, 
are additionally provided on the clamp to facilitate gripping 
the clamping element for application to and removal from a 
blood vessel or duct, indicated at 24, during the surgery. 
As shown in FIGS. 2A and 2B, the clamp 10 may be 

applied to the blood vessel or duct 24 by gripping either (or 
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both) of knobs 22 and 23 with a surgical forceps 25. The 
surgeon thus manipulates the clamp into the position shown 
in FIG. 2A, with the jaws 11 and 12 biased by spring 15 into 
their open position around the blood vessel or duct. When it 
is desired to close the clamp to occlude the blood vessel or 
duct 24 (as shown in FIG. 1B) the surgeon may manually 
apply pressure to the outer surfaces of jaws 11 and 12. 
thereby overcoming the force of spring 15, until the pressure 
of the balloons 13 occludes the blood vessel or duct and the 
detent 16 and notch 17 of the locking mechanism engage, 
thus securing the clamping jaws in their closed position 
during the surgery. Upon completion of the surgery or 
whenever the surgeon is ready to remove the clamp from the 
blood vessel or duct, he pulls release tab 21 whereby 
filament 18 disengages the detent 17 from the notch 16 of the 
locking mechanism, the clamping jaws 11 and 12 being 
forced into the open position (FIG. 1A) by the biasing spring 
15 to release the clamp from the blood vessel or duct. The 
clamp may then be removed from the operating field by 
grasping knob. 23 with the forceps 25 and withdrawing the 
S. 

Another embodiment 10a of the clamp of the invention is 
shown in FIGS. 3A and 3B. In this embodiment, in lieu of 
the hinge 14 the clamping jaws 11 and 12 are connected to 
one another by a relatively thin, elastic member 14a which 
is normally biased toward the closed position of the clamp 
ing jaws. The handle elements 22a and 23a are elongated 
ribs, making it easier to pinch them toward one another, thus 
opening the clamp as shown in FIG. 3A. When the handle 
elements are released, the clamp 10a closes, occluding the 
blood vessel as shown in FIG. 3B. 

In the embodiment 10b of the invention shown in FIGS. 
4A and 4B, the two clamping jaws 11 and 12 are connected 
by hinge 14, which permits the clamping jaws to pivot 
between their open position shown in FIG. 4A and their 
closed position shown in FIG. 4B. In this embodiment, a 
locking means is provided comprising a latch member 25 
pivoted to a first support 26 and engageable with a 
shouldered, second support 27. 
Upon manual closure of the clampingjaws 11 and 12, the 

latch 25 may be pivoted over the shoulder of support 27, 
holding the clamp 10b in the closed position shown in FIG. 
4B with the blood vessel or organ occluded. By a slight 
further squeeze of the clamping jaws (or the supports 26 and 
27 of the latching mechanism) the latch member 25 may be 
disengaged, permitting the spring-loaded hinge 14 to return 
the clamping jaws to their open position (FIG. 4A). 
The embodiment 10c of the clamp of the invention shown 

in FIG. 5 combines the elongated handle elements 22a and 
23a of clamp 10a (FIGS. 3A and 3B) with the latching 
mechanism illustrated in FGS. 4A and 4B. 

In yet a further embodiment 10d of the clamp shown in 
FIGS. 6-8, support members 28 are mounted on the clamp 
externally of the clamping jaw 12 outside the balloon 13 
secured thereto. The support members terminate in flanges 
29 for alignment with and support of the blood vessel or duct 
24 to facilitate the insertion of a catheter therein. If desired, 
only one such support member 28 may be provided. 

FIGS. 9 and 10 illustrate yet another embodiment of the 
invention, in which handle elements 22b and 23b are 
provided, integral with clamping jaws 11 and 12 but extend 
ing in planes essentially perpendicular to the planes in which 
clamping jaws 11 and 12 lie, allowing the surgeon to 
manipulate the clamp 10e from one end thereof. 

It will be understood that further variations of the pre 
ferred embodiments of the vascular clamp described here 
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inabove may be made without departing from the scope of 
the present invention. Accordingly, it is intended that the 
invention embraces such other modifications as are within 
the scope of the claims appended hereto. 

I claim: 
1. A vascular clamp for occluding a blood vessel or duct, 

comprising a clamping element adapted to be substantially 
entirely positioned within a body cavity about the blood 
vessel or duct, and including: 

(a) a pair of clamping jaws movable between a first, open 
position and a second, closed position; 

(b) means integral with and securing the clamping jaws to 
one another for movement from their open to their 
closed position, the securing means together with the 
clamping jaws defining a substantially closed internal 
chamber having substantially continuous internal walls 
when the clamping jaws are in the closed position; 

(c) a balloon mounted to the internal walls of each 
clamping jaw and pre-filled with a fluid under a pre 
determined pressure such that the balloons completely 
surround and occlude the blood vessel or duct in the 
closed position of the clamping jaws; and 

(d) locking means on the clamping jaws for releasably 
holding the clamping jaws in the closed position. 

2. The clamp of claim 1, in which the clamping jaws are 
substantially semi-cylindrical and in which the securing 
means together with the clamping jaws, define a substan 
tially cylindrical internal chamber when the clamping jaws 
are in the closed position. 

3. The clamp of claim 1, further comprising handle means 
integral with the clamping element on the outside walls 
thereof, for applying the vascular clamp to the blood vessel 
or duct and releasing and removing the vascular clamp 
therefrom 

4. The clamp of claim 1, further comprising means for 
opening the clampingjaws by releasing the locking means 
to permit removal of the clamp from the blood vessel or 
duct. 

5. The clamp of claim 4, wherein the means for opening 
the clamping jaws comprises a filament secured at one end 
to at least one of the clamping jaws adjacent the locking 
means, and tab means at its opposite end outside the 
clamping element. 

6. The clamp of claim 1, wherein the securing means is a 
spring-biased hinge normally biasing the clampingjaws into 
their open position. 
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7. The clamp of claim 1, wherein the securing means is a 

flexible wall element integral with the clamping jaws and 
permitting movement of the clamping jaws between their 
open and closed positions. 

8. A vascular clamp for occluding a blood vessel or duct, 
comprising a clamping element adapted to be substantially 
entirely positioned within a body cavity about the blood 
vessel or duct, and including: 

(a) a pair of substantially-semicylindrical clamping jaws 
movable between a first, open position and a second, 
closed position; 

(b) means integral with and securing the clamping jaws to 
one another for movement from their open to their 
closed position, the securing means together with the 
clamping jaws defining a substantially cylindrical 
closed internal chamber having substantially continu 
ous internal walls when the clamping jaws are in the 
closed position; 

(c) a balloon mounted to the internal walls of each 
clamping jaw and pre-filled with a fluid under a pre 
determined pressure such that the balloons completely 
surround and occlude the blood vessel or duct in the 
closed position of the clamping jaws; 

(d) handle means integral with the clamping element on 
the outside walls thereof, facilitating application of the 
vascular clamp to the blood vessel or duct and release 
and removal of the vascular clamp therefrom; and 

(e) locking means on the clamping jaws for releasably 
holding the clamping jaws in their closed position. 

9. The clamp of claim 8, further comprising means for 
opening the clamping jaws by releasing the locking means 
to permit removal of the clamp from the blood vessel or 
duct. 

10. The clamp of claim 9, wherein the means for opening 
the clamping jaws comprises a filament secured at one end 
to at least one of the clamping jaws adjacent the locking 
means, and at its opposite end to tab means outside the 
clamping element. 

11. The clamp of claim 8, wherein the securing means is 
a spring-biased hinge normally biasing the clamping jaws 
into their open position. 

st k k -k : 


